Background: Abdominoplasty is indicated in cosmetic surgery to improve body contour. Results from several studies suggest that abdominoplasty also could be therapeutic for certain individuals with urinary incontinence. Objectives: The authors sought to determine the potential therapeutic effect of abdominoplasty on urinary incontinence in a large population to confirm the findings of smaller studies and to identify common characteristics of patients who experience the greatest improvement in these symptoms postoperatively. Methods: Through a retrospective chart review, the authors identified 250 patients who underwent cosmetic abdominoplasty. These patients were invited to participate in a survey to ascertain changes in stress urinary incontinence (SUI) symptoms after abdominoplasty. Patients were subgrouped according to postoperative changes in their urinary incontinence symptoms, and the subgroups were evaluated for common within-group characteristics. Results: Of the 250 patients who underwent abdominoplasty during the period of interest, 100 (40%) completed the survey, half of whom (n = 50) reported incontinence preoperatively. After abdominoplasty, 30 (60%) of these 50 patients noted improvement in their symptoms, and the other 20 (40%) reported no improvement. Lack of previous cesarean section was a predictor of improvement in SUI symptoms after abdominoplasty. Conclusions: Abdominoplasty to improve body contour also may alleviate symptoms of SUI, especially among patients who have not undergone previous cesarean section.
Body Contouring
Aesthetic abdominoplasty is performed to remove excess abdominal skin and improve body contour. Patients often undergo abdominoplasty following significant weight loss or pregnancy. In addition to abdominal aesthetic concerns after pregnancy, some women experience postpartum stress urinary incontinence (SUI). This problem is well documented and can occur even among women who have given birth to only 1 child. 1 Surgical treatments for SUI involve the application of polypropylene mesh tape or autologous fascia to resuspend and support the urethra in an attempt to re-create the normal anatomic angle. Observed decreases in SUI symptoms following abdominoplasty have been attributed to increased muscle stabilization and intra-abdominal pressure. 2 The authors of the current study suggest that tissue manipulations associated with full abdominoplasty may restore the natural urethral angle, analogous to SUI surgical treatments. The goals of this study were to determine 544023A ESXXX10.1177/1090820X14544023Aesthetic Surgery JournalCarruthers et al
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Ms Carruthers is a medical student at whether abdominoplasty could substantially reduce or eliminate symptoms of SUI and to identify the patients whose SUI symptoms would be most likely to improve postoperatively.
MEthods

Patient Selection
Following approval by the OhioHealth Research and Innovation Institute, the authors conducted a retrospective chart review to identify all women who were >18 years of age and underwent either mini or full abdominoplasty performed by the primary investigator (J.D.M.) between January 1, 2000, and December 31, 2010, at the Riverside Outpatient Surgery Center (Columbus, Ohio). The fulldecade review period was chosen to obtain an adequate participation rate. Patients who underwent previous corrective surgery for urinary incontinence were excluded. Two hundred fifty patients met the study criteria and were asked to complete a brief survey (Appendix A; available online at www.aestheticsurgery.com).
Survey Design
The authors prepared a survey to evaluate the effects of abdominoplasty on SUI that was similar to the survey described by Avery et al, 3 which has been analyzed to confirm its validity, reliability, and sensitivity. In addition to demographic data, the following information was collected: amount of weight gain with pregnancy, number of pregnancies, multiple vs singleton pregnancies, history of cesarean sections, amount of weight loss before surgery, symptoms related to stress or urgency incontinence, severity of incontinence, and any changes in incontinence symptoms following abdominoplasty. Each patient provided informed consent for inclusion in the study.
Abdominoplasty Techniques
All patients underwent dermatolipectomy, but the extents of the procedures were not quantified in this study other than to designate each as a mini or full dermatolipectomy based on the presence or absence of umbilical transposition, respectively. Most patients underwent rectus abdominis fascial plication, which was performed at the midline by means of interrupted figure-of-eight absorbable polyfilament sutures and was oversewn with similar sutures in a running fashion from the xyphoid process to the umbilicus and from the umbilicus to the symphysis pubis. Plication was sufficient to achieve a tight midline approximation of the rectus muscle fascia. This was the standard plication technique performed for mini and full abdominoplasties. For all patients, the superficial fascial system (Scarpa's fascia) was closed as an independent layer with interrupted resorbable sutures, and skin closure was performed separately.
Stratification of Patients
Survey respondents were stratified according to whether they experienced urinary incontinence preoperatively. Patients who responded "never" or "rarely" to the survey question on preoperative leakage of urine (Appendix A, question 2) were grouped as having "no preoperative incontinence." Patients who answered this question with "occasionally" or "every day" were regarded as having "preoperative incontinence" (Figure 1 ). The preoperative incontinence group was subdivided into patients who reported improvement in SUI symptoms postoperatively and patients whose symptoms were unchanged or worse (Appendix A, question 6). Patients who reported preoperative leakage of urine "every day" (Appendix A, question 2) but postoperative leakage "occasionally" or "never" (Appendix A, question 6) were regarded as having "improved SUI." Patients who reported preoperative leakage "occasionally" but postoperative leakage "never" also were classified as "improved SUI." Patients who reported preoperative leakage "never" or "rarely" but postoperative leakage "occasionally" or "every day" were categorized as "worsened SUI." Patients who experienced no symptoms of incontinence or the same degree of symptoms both before and after surgery were considered to have "no change in SUI."
Statistical Analysis
Microsoft Excel (Microsoft, Redmond, Washington) was used for the statistical analysis. Mean values and standard deviations (SDs) were calculated to permit between-group comparisons of demographic and medical information. Significant differences in means were ascertained by t test, and categorical data were compared with the χ 2 or Fisher's exact test. Statistical significance was defined as P ≤ .05.
REsuLts
Of the 250 abdominoplasty patients identified by retrospective review, 100 patients (40%) responded to the survey. This round number of responses (100) was an incidental result; repeated attempts were made to contact nonrespondents. Thirty-one patients (12.4%) could not be contacted because of a change in address or telephone number. The response rate with these patients excluded was 45.7% (100 of 219 patients).
Demographic data were similar for the 250 identified patients and the subgroup of 100 survey respondents ( Table 1 ). The mean age of the 250 patients at time of abdominoplasty was 39.0 years (range, 25-70 years), and The mean (SD) duration between abdominoplasty and survey response was 6.23 (3.03) years. The respondents who indicated improvement in symptoms of SUI had a mean (SD) follow-up of 5.71 (3.08) years, and those who reported no improvement in SUI symptoms had a mean (SD) follow-up of 7.44 (2.48) years (P = .11). Ninety-three (93%) of the 100 respondents had at least 1 pregnancy, and 16 patients (16%) had at least 1 pregnancy involving twins or triplets. Twenty-eight patients (28%) underwent cesarean section for at least 1 of their deliveries. Although it is common for women carrying twins or triplets to undergo cesarean section, we analyzed cesarean sections and multiple births separately as independent factors that may affect SUI symptoms after abdominoplasty. Data for any patient with a history of multiple births plus cesarean section were applied to both analyses. Full abdominoplasty was performed on 75 survey respondents (75%), whereas 25 respondents (25%) underwent miniabdominoplasty. Ninety-seven respondents (97%) underwent rectus plication.
Fifty respondents (50%) reported preoperative SUI. Demographic data were similar for respondents who had preoperative SUI symptoms and those who did not ( Table  2) . The rates for previous pregnancy and cesarean section also were similar for these groups. However, patients with preoperative SUI had significantly more previous twin or triplet pregnancies than did patients without preoperative SUI (68.7% vs 31.3%, P ≤ .05).
Of the 50 respondents with preoperative SUI symptoms, 30 (60%) noted improvement in their symptoms following abdominoplasty, and 20 (40%) did not (Table 3) . Sixteen (53.3%) of these 30 patients reported "much better" symptoms, and 14 patients (46.7%) indicated less robust improvement in their SUI symptoms. Of the 30 patients who noted improvement, 22 (73.3%) reported "indefinite" relief of their SUI symptoms (mean, 5.9 years), and 18 (60%) were "not at all" bothered by their current symptoms. Whereas 80% of patients with severe preoperative SUI experienced some improvement in their symptoms postoperatively, only 40% of patients with mild incontinence noted improvement.
Of the 20 patients whose symptoms did not improve, 7 (35%) reported worsening SUI symptoms, and 13 (65%) reported no change in symptoms. The 7 respondents whose SUI symptoms worsened postoperatively included 1 patient who underwent miniabdominoplasty without rectus plication and 6 patients who underwent full abdominoplasty with plication. Two patients who reported no improvement in symptoms subsequently underwent urologic surgery in an attempt to permanently improve their incontinence. Patients who did and did not note improvement in their SUI postoperatively were similar with respect to demographic data, number of previous pregnancies, and singleton vs multiple pregnancies. Women with a history of at least 1 cesarean section were significantly less likely to report improvement in their SUI symptoms (38.5% vs 61.5%, P ≤ .05).
disCussion
The detrimental aesthetic effects of pregnancy and childbirth on a woman's body are common knowledge among plastic surgeons who perform abdominoplasty. In addition to aesthetic improvements, many women who have undergone abdominoplasty report functional benefits postoperatively, such as better mobility, greater independence, improved quality of life, higher self-esteem, and greater emotional stability. 4, 5 However, patients do not typically mention SUI symptoms during preoperative consultation for abdominoplasty, nor do they consider this surgery as a means to improve SUI.
SUI denotes the involuntary leakage of urine associated with abdominopelvic straining. SUI negatively affects an individual's quality of life in many ways (eg, physically, emotionally, psychologically, economically), and approximately 35 000 women in the United States undergo surgery for SUI each year. 5 In the present study, 50% of respondents experienced symptomatic SUI preoperatively, which is slightly higher than other reported prevalences of SUI among women in the United States (12.8%-46%). 6 Our rate may represent an overestimation of the actual prevalence because patients without SUI may have been less inclined to complete the survey.
Aesthetic abdominal deformities correlate with postpartum SUI, particularly after vaginal delivery, so a significant overlap of these 2 populations would be expected. 7 However, few studies have demonstrated this relationship. Smith et al 8 first suggested an association between abdominoplasty and relief of incontinence in 1998. They evaluated 12 young men who had congenital prune-belly syndrome, which is characterized by various urologic disorders and absent or hypoplastic abdominal wall musculature. These authors reported that 7 of 8 patients with preoperative SUI improved after Monfort abdominoplasty. 8 However, some patients in their study underwent concomitant urologic procedures, so it was not possible to confirm that abdominoplasty had a therapeutic effect on SUI. In an anecdotal report of improvement in SUI following abdominoplasty, the patient's relief of symptoms was attributed to muscle plication, a "very low incision," and weight reduction on the lower abdominal wall. 9 In the largest study to date, Solanki et al 2 contacted 100 abdominoplasty patients to request their participation in a retrospective questionnaire. Twenty-seven (58.7%) of their 46 respondents had SUI preoperatively, and 7 (25.9%) of these 27 patients experienced improvement in their symptoms after surgery. 2 SUI is a dynamic condition with a poorly understood pathophysiology and genetic, ethnic, socioeconomic, and traumatic causes. 10 Current treatments are aimed at relieving symptoms rather than addressing the underlying causes. Traditional and notoriously morbid procedures, such as Burch colposuspension and the Marshall-MarchettiKrantz procedure, have given way to less invasive midurethral sling techniques. 11 The most popular modalities are tension-free vaginal tape and transobturator tape. 10 Both procedures involve an autologous or, more commonly, prosthetic tape to resuspend and stabilize the urethra. Similar to the insertion of a pessary or the periurethral injection of bulking agents, midurethral sling procedures create a functional bladder outlet obstruction to improve continence. These approaches are associated with variable success rates. 12 Incontinence is a broad term encompassing a heterogeneous group of disorders, including stress, urge, mixed, overflow, transient, and functional incontinence as well as overactive bladder. 13 Different types of incontinence exhibit distinct anatomic imbalances and pathophysiologies. Because it is multifactorial and multimechanistic, incontinence presents a diagnostic challenge. Successful and predictable treatment outcomes depend on accurate anatomic diagnoses. Several classification schemes exist to optimize treatment selection for SUI based on its anatomic features. [14] [15] [16] [17] [18] One scheme categorizes SUI into 3 types. Type I corresponds to the mildest form of SUI, characterized by involuntary leakage of urine without urethral hypermobility. Type II, genuine stress incontinence, denotes leakage attributed to urethral hypermobility. Type III is complex and involves urine leakage caused by an intrinsic sphincter deficiency, with little or no urethral mobility. 14 Abdominoplasty is associated with a relatively high incidence of postoperative voiding difficulties but appears to relieve symptoms of SUI. Without an anatomic study, we can only speculate about the anatomic changes that occur after abdominoplasty to increase continence. Although a detailed discussion of pelvic floor anatomy is beyond the scope of this study, a brief review can set the context for our hypothesis regarding the success rate in our cohort. The female urethra is a complex cylindrical structure of approximately 4 cm in length that extends from the bladder neck to the external meatus. Distinct intrinsic and extrinsic muscular elements assist in voiding the bladder and maintaining continence. The urethra passes through the urogenital hiatus, the inner border of which is formed by the pubococcygeus portion of the levator ani complex. Once through this muscular pelvic floor sling, the urethra exits the pelvic diaphragm and reaches the musculofascial urogenital diaphragm.
Urethral smooth muscle is contiguous with the trigone and detrusor, which comprise the muscular wall of the bladder. A thick inner longitudinal layer and a thin outer circular layer of type II smooth muscle extend over the upper four-fifths of the urethra and run deep to the outer striated muscle of the urogenital sphincter, which occupies the middle three-fifths of the urethra. Proximal striated fibers encircle the urethra, whereas distal fibers exit the urethra, surround the vagina, and traverse the inferior pubic ramus. These proximal and distal fibers become the urethrovaginal sphincter and the compressor urethrae, respectively. The perineal membrane covers the urogenital diaphragm. 19 The abdominal superficial fascial system (also known as Scarpa's fascia) is continuous with the superficial perineal fascia (Colle's fascia) of the urogenital triangle. Just below Colle's fascia is the deep perineal fascia (investing or Gallaudet's fascia), which covers the perineal membrane and the superficial muscles of the perineal space (ischiocavernosus and bulbospongiosus).
The closure process in traditional cosmetic abdominoplasty involves vectors positioned to stabilize the hypermobile urethra. The closure of any elliptical tissue defect places the largest amount of tension and subsequent tissue distortion at the center. 20 The midline mons and fascial attachments to the urethra are placed under tension even with modest soft-tissue resection, and the resulting midline tissue distortion is reinforced by a layered closure from fascia to skin. Tight repair of Scarpa's fascia could improve involuntary micturition because this fascia is continuous with Colle's fascia of the urogenital triangle, which contains the urogenital diaphragm and the external urethral sphincter. Tension that lengthens the urethra could offset the shortening and opening action of its intrinsic smooth muscle during normal micturition. 16 Given these potential anatomic changes, patients with type II SUI attributable to urethral hypermobility may be most likely to experience relief of their symptoms following abdominoplasty.
Two statistically significant findings in our study implicate abdominal laxity as a predictor of SUI and suggest that soft-tissue tightening alone may improve continence. Our study included a relatively large percentage of patients who previously gave birth to twins or triplets; this allowed us the statistical power to conclude that such patients were more likely to have SUI than patients who had only singleton births (68% vs 46%). We attribute the high rate of multiple births in our study population to the fact that patients seeking abdominoplasty to improve body contour often request the removal of excess abdominal skin, and this is a common aesthetic concern following multiple births. Respondents with SUI also were more likely to choose full abdominoplasty vs miniabdominoplasty (56% vs 32%). This finding is consistent with a laxity mechanism of incontinence whereby the musculofascial support that provides a hammock into which the urethra compresses is weakened. 21 The traditional procedure for rectus plication during abdominoplasty does not significantly affect intra-abdominal pressure. 22 However, positioning the rectus muscles at the midline could potentially restore the natural urethral angle and reduce symptoms of SUI. A prospective study involving urodynamic testing and pre-and postoperative anatomic measurements may yield information to better identify patients whose SUI symptoms are likely to improve after abdominoplasty. If the anatomic changes that improve continence following abdominoplasty are identified, plastic surgeons may be able to modify surgical techniques in patients with SUI to maximize outcomes. Urodynamic studies also may elucidate the abdominoplasty-related changes that worsen SUI symptoms for a small subset of patients.
Patients with a history of abdominal surgery were not excluded from this study, and although we conducted a separate analysis of patients who underwent cesarean section, we did not separately analyze patients who had undergone prior hysterectomy. Although this analysis might have helped to characterize population trends, questions about previous hysterectomy were omitted because a longer survey could have yielded fewer respondents. Moreover, because of the wide range of surgical approaches for hysterectomy (eg, abdominal, vaginal, robotic), it would have been difficult to determine the surgical technique based on patient responses alone. Subsequent studies should include collecting data on changes in SUI symptoms in patients who underwent hysterectomy before abdominoplasty to advance our understanding of how abdominal surgery affects incontinence.
The retrospective nature of this study may have introduced bias. Many patients who underwent abdominoplasty at the beginning of the identification period were lost to follow-up, and the overall survey response rate was relatively low. It is possible that the findings from this study are skewed toward the short-term outcomes of abdominoplasty on SUI. Although efforts were made to eliminate confounding factors, subsequent prospective studies are warranted to better quantify the connection between abdominoplasty and improved SUI and to establish the long-term effects of abdominoplasty on SUI symptoms.
Female urinary incontinence remains an incompletely understood and controversial topic in urogynecology. The present study appears to be the largest to date in which the effects of abdominoplasty on SUI were examined and the largest to show improvement in SUI symptoms after abdominoplasty. Candidates for surgical correction of SUI and aesthetic abdominal surgery should consider undergoing abdominoplasty first, which may obviate separate SUI surgery.
